NOTICE:  li^en  gdvefomeQt  d^*  other  dravlngs>  spec!- 
flGatlons  dr  other  data  are  Uised  fdr  any  puipdse 
other  than  In  cdnneGtlon  with  a  definitely  related 
government  proGurement  dperation,  the  U. 

Government  thereby  Ineurs  no  respdnsl'blllty,  ner  any 
dhllgatldn  whatsoever;  and  the  faet  that  -^e  Govern^ 
ment  may  have  fdrmtilated>  furnished,  dr  in  any  way 
supplied  the  said  drawings,  speclflGatldns,  dr  other 
data  la  ndt  to  he  rej^urded  by  impllGatlon  or  other*^ 
wise  as  In  any  maiaer  llGenslng  the  holder  or  any 
other  person  or  Gdrpdratidn>  or  conveying  ri#ts 
or  peziqlsslon  to  manufacture,  use  or  sell  any 
patented  invention  that  may  In  any  way  be  related 
thereto* 
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TISIA 


(Afiaj^ct) 


THE  USE  OF  SDlUlATIOil  IH  MUtAOBlDI  AJOILYSIS 

- 1  Mhci  Mi  — 

D.  di  WOlcoIjb 


Ci^^ter  Stouiatidh,  or  SyKteai  jSUialatlda »  !■  bi^g  uied  la  reieareh 
aad  deiiga  for  seeklag  a  Miter  uadexitaadlBg  aad  edatrdl  of  buiiaef t 
operatioai.  fhree  coaeurreat  deTaiopBaata  aeeouat  for  the  eaargaaea 
of  aiBulatloa  aa  a  aanageiiMtat  aaalyaia  iathodt  the  head  for  aora" 
datalled  aad  aoeurate  aaalyaea  la  the  eoag^tltlva  bualaaaa  vor34«  ttaa 
daTeiopBiaat  of  aev  eagiaaarlag  aaaiyaia  aethodaj,  aad  tha  aTaiiability 
of  hlgh«apaad  alectroale  eoaputera. 

typloal  aloolatioa  projeeta  dlreotad  to  the  follovlag  objeetlvaa  are 
diaeuaaad:  Syatau  Saalga  aad  SvaluatlOa,  Syatama  tiaaoaroh  aad 
FUaaiagf  aad  fralaiag  (both  Appreelatioa  aad  Procedural)  >  la  the 
Ideaa  iarolyed  He  the  poaalbllity  For  a  aev  aaaageBaat  eoatrpl  eoa* 
oept«  Zt  aeeaa  likely  that  Baaageaeat  laiy  acaieday  be  pfOrldad  idth  a 
ooaiputar  aodal  of  the  baalaeaa  •>»  oii  pendttlag  eapertaeatatloa  with 
’  policy  aad  prooedoia  chaafea  aa  vail  aa  avalvattoa  of  altanativa  plaaa. 
A  bibliography  of  publicatiooe  oa  BiaulatiOBf  Qaiiiig  ia  iaoluded. 


ni  jgj  OF  saiBLAgiotr 


A  mtm  MD 


&e  TOle  of  the  aoderii  ihduitrial  fiahagef  is  iadeed  a  eoiqplex,  pespiezlag  one. 
fpr>  operating  in  the  face  of  uaeertainty  ih  our  dyhaiiie,  conpetitire,  hon#llhear 
and  prohabiliatie  vorld,  he  is  called  tpon  to  iig^  suijof  iimovations  and  to  adjudi- 
cate  the  prc^sala  for  change  that  cone  fron  the  rarioua  functiona  or  divitions  of 
hii  total  organisation.  Sils  problem  of  obtaining  econoile  belanee,  or  leait^total* 
coat  operation  as  it  nsj  also  be  phfraaed>  today>  as  veil  as  in  the  plana  for  future 
operations,  is  moat  iaportant  to  the  aucceaa  of  his  eosQiaay.  Ihe  need  for  aueh 
balsnce  pramiaes  to  become  eren  greater  in  future  years  as  ve  learn  better  to  uae 
the  information  handling  and  deelsionHaaklng  ipparatua  made  poaaible  through  elec# 
tronlc  cooputera.  Am  many  vrltera  hare  indicated,  aueh  aucceaaful  uae  of  eonputera 
may  be  a  naeesatfy  Ingredient  to  corporate  surriral. 

Cogfputer  Simulation,  or  gmtms  Slaulatien,  is  proving  to  be  a  useful  tool  in 
this  quest  for  better  understanding  and  control  of  business  operationa*  It  is  our 
purpose  here  to  explore  briefly  idiat  simulation  is,  who  is  doing  it,  fOr  idiat 
purpose,  and  to  Speculate  on  its  future  outlook. 

In  this  dlBcueslon,  ve  shall  define  a  simulation  project  as  one  >^ieh  depiete 
the  workingB  of  a  large-scale  system  of  wax,  machines,  auterial  and  information 
operating  over  a  period  of  time  in  a  simulated  enTlronsent  representative  of  the 
actual  real  vorld  conditions.  A  simulation  project  generally  utUlzee  an  electronic 
computer  and  may  operate  in  *reel"  time  or  in  ccmpressed  time  lAere  the  simnlated 
systmi  may  be  operated  for  several  years  in  but  a  fev  hours  of  eomputer  time. 


revised  edition  of  this  bibllograaphy  i^ll  appear  in  a  forthcoming  lesue  of 
Operations  Besmarch 
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In  effect,  the  airiVal  of  eijjnilatloh  on  the  aaaageiBcnt  analyils  sceoe  ii  depend* 
ent  on  three  concurrent  developea^s.  we  have  already  touched  on  the  first  and 
peiiiaps  Bost  ^i$ortant,  the  need  and  desire  on  the  part  of  ■ansdeaent  to  hare  a  nore 
cdplete  and  accurate  analyils  of  alternate  courses  of  action  and  to  ohtain  econoiid.e 
halance  m  <^rationSi  Little  laore  needs  to  he  said  here  concerning  this  point. 

The  second  dereloiiBent  stenB  froii  the  use  of  engineering  systeaB  analyils  > 
and/or  c^eratlona  analysis  in  this  luanagenent  srea.  Operations  Researchers  have 
found  that  the  nusber  of  variables,  the  probahilistic  assets  and  the  servo  aspects 
of  systens  under  study  often  defy  the  use  of  strictly  analytical  or  oatheBatlcal 
Methods  of  analysis. 2  siaulatlon  of  the  systesi  or  process  under  study  often  peralts 
.Sv^icient  altexnatlves  to  he  evaluated,  thus  leading  to  a  better.  If  not  optinw, 
solution. 

The  third  developasnt  wnhiHg  the  use  of  sliulatlon  a  practical  tool  is  the 
advent  of  the  >>^gh  speed  electronic  caB5>uter.  Our  diBcusBlon  vill  be  confined  to 
the  use  of  dlglted.  coaputers  since  they  have  been  found,  by  and  large,  most  appli* 
cable  to  the  class  of  problems  involved. 


Since  it  has  often  been  predicted  that  coaputers  will  becoifte  eutcB»tie  decision* 
maifiTig  devices  indeed  aany  have  been  purchased  with  this  stimulating  and  challcng* 
Ing  goal  in  mind,  it  is  well  to  spend  a  few  paxagraphs  in  describing  the  current  state 


%lcclardl.  Craft,  Malcoln,  Bellman,  et  <a..  Top  Managemept  Decision  Simulation, 
Aaerlean  Mutagenent  Association,  19^7> 

•  Thenas,  Clayton  J*  and  Walter  L.  Peener,  Jr* ,  "15x6  Role  of  Operational  Oandiig  in 
Operations  Research,"  Operations  Research ,  Pebruary,  1957* 


and!  categories  of  usage  of  coiqmters  In  industry^  In  thla  vay>  the  role  of 
siiniiatlon  can  be  put  In  better  perspeetiire  and  the  specter  of  technologleai 
uniBplosdwnt  aiiiongst  deeitloa  iialBsrs  (if  It  exists)  can  be  dispelled^ 


li  CAXKdRSSS 


In  nakjng  this  categorization,  ve  are  deliBiting  otur  scope  frost  the 
scientific  and  phirBleal  engineering  i^lications  of  cooputers  to  those 
applications  aore  generally  thought  of  as  involving  and  directly  assisting 
the  aanageaient  of  the  organization,  ^is  area  of  application  ve  have  tented 
the  "laanagffaettt  process” .  Here,  there  are  three  aajor  categories  of  uses  to 
idtieh  eonputers  have  been  put. 

(1)  A  pata^Processing  fool 

(2)  A  PioblM*SOlving  fool 

(3)  A  Controlling  Device 

1.  A  IhffiA^PRPCBSSIW  fOOL 

Since  the  first  installation  of  an  electronic  cooqputer  for  strictly 
business  use  at  General  Electric  in  Louisville  in  Janutury  193^t  there  has 
been  a  ■ushrooa-lilBe  growth  in  the  application  of  ecaputers  to  the  routine 
autcaation  of  existing  Izyfoxaation,  coasnmication,  personnel,  and  other 
data  reporting  systeas.  This  includes  such  applications  as  payroll,  invent 
tory  position  and  control,  production  release  and  invoicing  systeas,  etc. 

Of  ^e  $631  ailllon  of  ecaputers  to  be  installed  by  June  1959>  nsd  the  $591 


■lllipn  6n  order,  it  hae  been  estimated  that  to  90f(  of  machine  time  will 
be  used  for  applications  in  tMs  category. 

It  Should  be  pointed  out  that  ajpst  of  these  systems  idiich  are  being 
automated,  are  not  being  evaluated  in  the  sense  that  their  ability  to  best 
perform  the  function  for  which  they  were  designed  m  it|eM  critically  examined 
Host  installations  are  undertaken  for  the  purpose  of  rediicing  time  in  report 
preparation  or  in  the  attempt  to  effect  clerical  savings. 

2.  A  PRftRf.tM^LyiiiS  TOOL 

^le  eoeQ)uter  is  often  used  as  the  vehicle  for  research  in  connection  with 
the  design  of  amnsgement  control  systems,  for  policy  determination  and  for 
training  purposes. 

There  IS  a  considerable  amount  of  simulation  activity  in  coimection  with 
such  problem  solving  and  it  will  be  the  subject  of  this  paper  to  Survey  some 
Of  these  uses.  Oenerally  speaking  Sisnilatlon  projects  are  directed  to  one 
of  the  foUowlng  objectives: 

(1)  gystem  Design  and  Bvaluation 

(2)  System  Research  and  Planning 

(3)  Training  >  i^reclatlon,  procedural  or 

study  display 

Successful  develc^pneat  In  these  wreaa  will  lead  to  the  third  major  category 
of  cenputer  usage. 

3.  A  COWBOUJW  PgyiCE 


Currently,  only  exploratory  pioneering  work  is  being  done  in  using  the 
computer  directly  in  managsment  decisi<mi  making*  In  tiili  category  of  ussge 


Vi  Hay  vliuillsi  the  eoapiter  ii  ah  "oa-liae"  of  "Ihsllhe”  eoBtfolief«> 
opefatiag  Oh  iifdaiatioh  rieeiTed  eoheefaii^  talLeei  produetloh>  ehangei  In 
eBflfoaaehti  ete.-ato  mdu  dieiiioaa  on  pifiOBhel  fefhifaBflati,  iehedhlee 
for  pfoduetlohj  Urfehtofy  pflelhg^  ete^,  on  a  daystOBday  baaia^ 

fo  be  effaetlTei  aueh  uaage  inrolirei  the  bulldlhg  of  adequate  deeilionB 
aakihg  erlteria  into  a  eoaipatef  nodel  of  the  etaipahy  or  of  a  eoihpoheht  of 
It.  Hm  ehaliehie  faelag  the  «ould»be  dealgamr,  of  that  la  refeffodito  ai 
a  "tfuiy  Integrated  ayatM^  >  ii  to: 

(1)  Prograji  a  eoiputer  to  baeaie,  aa  appropriately  aa  poailble, 
an  onBiine  eontroliar  and» 

(2)  Make  the  eauputer  an  effeetive  inatruaeht  for  experiiMBtlng  vlth,, 
and  efraluating  the  effeetiTaneaa  of,  propoaad  ehaagaa  in  poUeioa, 
proeaduraa  and  plana. 

lUle  aueh  autonatle  deoialon  — (at  the  level  of  the  fira)  ie  itlll 
a  long  vay  off,  elgnlfleant  etridea  art  btiag  aake  in  aone  of  the  ooaponanti 
and  ahbeciapoaeBta  of  the  buaiaeaa.  SeiM  of  the  alaulation  projeeta  ender 
the  eategpry  of  "flyetaaa  Oeeign  and  Praluation”  perforned  in  ccepeaaata  of 
the  bualaaaa  are  elaarly  the  forervnnere  of  thla  aev  ■anageaent  eontxol  eoBeept 
One  can  gain  anoh  laaliht  into  the  oature  of  fvtaxe  ■anagiint  eontrol  ^^taa 
through  atudy  and  egMlantion  of  aueh  prodeeta. 


n.  PORPoas  in  tHB  uai  OF  sniM.A!ric9r 

Sipilatlon  hu  long  been  used  an  an  esagineering  netbod  in  '^e  atudy  and 
deiigb  of  iii«»fthiiuniwie  itna  GontTOillog  a^ppara^tiB .  ^  Iba  exbe&aloQ  to  the 
oanagerial  warld  baa  been  for  three  major  ptn^sea. 

(1)  To  study  cos^lex  operating  plana  and  management  controlling  syatema 
for  tbe  puxpoae  of  dealgnlng  better  plana  and/or  ayatema. 

(2)  To  study  Ana  train  people  in  tbe  operation  of  coispler  tasks  generally 
involving  maeblnea  or  inatrumenta.  study  of  tbat  old  bugaboo  • 
buian  interaction  «  la  a  major  pa]Q)oae  in  tbe  use  of  aiBulation> 

(3)  To  present  proposed  changes  in  such  a  vEiy  that  enhances  acceptance 
of  ebange  tbrou^  better  understanding  of  bov  a  given  ayatea  vorks 
or  operates.  In  tbls  nay  the  costly  job  of  installation  may  be 
significantly  reduced. 


In  tbls  discussion,  a  control  system  vlll  be  defined  as  a  machine  and 
set  of  procedures  ubich  directs,  mpnitors,  (i.e.,  controls)  an  operation. 

An  operation  Is  defined  as  an  organitation  of  -men,  maebines  and  information 
working  toward  a  stated  objeetlve."  There  are  several  bierarchies  of  control 


^wkinSf  a.  A.,  Slid  L.  N.  K.  Boelter,  "The  Oeneral  Node  of  Anslyaia  in 

Xngineering  Education" ,  ^e_Joaimal_of_Egg^neertng  Education,  January  195b. 

Ooode,  B.  I.,  "Sivalatlon  -  Its  Place  in  Eystem  Design",  Procssdlngs 
Yol.  39,  1951^ 
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and  thay  nay  ti^  dlffermt  fona  in  regard,  to  their  treatient  of 
lapati  and  OutinitB.  For  example^  a  eontrol  ayateii  Hay  have  soae  autoaatie 
inputi  and  aoaie  Hinual  Ixiputa.  It  luy  have  autoiiatie  outputa  that  provide 
eloeed  loop  inputa,  or  it  nay  have  ■antial  outputa  or  diirplaya  for  hnun 
■onitoring. 


m.  T£ei8_df  sHAJUfiM 


It  ia  uaeful  to  further  eategorite  alinilation  in  regard  to  the  preaenee 
or  ahaenee  of  eonipetltion  in  the  biuic  nodel.  A  situation,  under  atudy> 
involving  the  Interaetiona  of  indlTiduala ,  eoapanies  or  eOtintriea  coasting 
toward  eauaon,  interrelated  goala  nay  be  referred  to  aa  Cgaaictitive  Blnulation. 
Where  the  syaten,  be  it  nan  or  organization,  la  being  studied  in  a  ehanging 
enviroiBieBt  or  vith  changed  ayataai  paranetera  -  the  ten  Syaten  dliiulatien 
nay  be  applied,  txaniplea  of  each  nay  be  found  in  the  tabulation  in  the 
following  section. 


IF.  rava  or  bubukoh  m  TBAiwiiio 


Nan  has  used  ainnlating  deviees  for  nany  years  to  train  people  in  the 
operation  of  new  nachlnea  or  equipnent  lAere  training  with  the  real  efuipnent 
in  real  enviroxniant  is  either  too  costly  or  dangerous.  ^  ^s  discussion, 
which  is  prinarily  directed  to  use  of  slnulation  in  nanagenent  analysis,  ve 
■Shall  pause  only  briefly  to  indicate  that  sinulated  situations  often  involving 
the  use  of  a  conputer  have  been  set  up  to  provlie  training  to  individuals  in 


the  opez^tlon  of  BBoagniBnt  eontrolXiiig  tsysttam  ot  to  provide  slimilated 
es^rienee  la  decision  nahing.  A  iboiient's  eonsideratlon  vlll  hrUg  out  the 
laportanee  of  this  point*  We  thrust  the  nevly  created  auuiager  Into  the  role 
of  operating  a  large  organization  without  providing  hiw  an  o]^^rtunlty  to 
he  trained  in  or  to  expenuient  with  this  nost  costly  eontrol  a^^paratus.  Siieia 
latlon  exercises  have  heen  designed  to  provide  Uie  executive  trainee  with  an 
appropriate  asiount  of  synthetic  experience  in  decision  isai^Lng* 

iSiese  range  fron  sinple  exercises  such  as  oenerel  Sactrlc  and  Westinghouse 
have  created  to  tram  distribution  aienagers  m  the  reorder  rules  m  mventory 
control  to  the  top  ■anegesMat  decision  exercises  of  AMA,^  DBM  and  UCLA.  9ie 
following  la  a  partial  listing  of  scaie  sliaalation  training  exercises*  (A 
■ore  coaplete  listing  of  such  exercises  lasy  he  found  m  the  attached  hlbllograpiur 
under  "deaes  •  Industrial”.) 


ORQAIIZAIIOI 

flPB  OP 
SlMDIAflQH 

FROBLBI  AREA 

CONPlfBDt 

Anerlean  NBoaganent 
Association  and  Boos, 
Allan  and  Hamilton 

Coi^tltlve 

Decision 

Medium 

General  Uectrlc 

Bpsteii 

Distrlhtttion 

mventory 

Bone 

IBM 

Ccnpetltive 

Marketing  MBit. 
Decision 

Medlns 

4 

Bellnen^  lULchard,^  C.  1.  ClKck,  p*  a*  Melcolaif  C.  J.  Craft  and  F*  M*  Rlcclaxdiy 
"On  the  Construction  of  a  llBiltl«Stage»  Nulti^Person  Business  Oane", 
Operations  Beseareh.  August,  1977* 


OMAHIZIglOi 

RAID 


UCU 


Htitiai^ouM 

Heetirie 


i.ai- 

OF 

RlUlLAglOI  PBOMJBI  ABRA  GOWrollR 


Ryttafe 


Mnobi^logi 


Large 

IdM 


Coa^titlife 


$yst«B 


Air  DefeaM 

RyitMi  trainlBg  SAOl 


fop  Winagwiant  llidlm 

Daeltloa 

Baglaaerl^  inni 

ReoBOiQr  Claiiii 


a 

8yBt«a 


Diitributldn 
Danraatprjr  IdBi 


in  paaslog  it  is  tatoreitiog  to  sviiwrlze  the  adirimtageB  elalaad  la  uslag 
siBulatloa  in  the  aanagaBeat  traialng  area« 

(1)  Fexiilts  "cawe"  and  "effect"  to  be  felt. 

(2)  Alda  Student  in  evaluating  available  infozvation. 

(3)  Paailiarlzea  individual  vith  data  needed. 

(4)  Cirouid^  "Invplveaent”,  creates  high  aotivation  in  student. 

(^)  Provides  fuBlliarity  i^th  Rlectronic  Data  Processing. 


> 


V.  stsuamAL  USES  at  smilaziov  ih  si&am 

- mmm  wsmm^  -  " 


SHiulatloia  li  useful  in  the  study  of  a  eliuis  of  prohieaiS  uhefeln  the 
operating  rules,  polieies,  procedures,  aad  other  elosents  that  control 
produetion,  inventory,  etc.,  ere  under  question,  (has  Should  like  to  eaploy 
praetices  that  ere  the  hest  end  produce  the  iiK>othest,  loiwst  cost  operatiOhi 
The  nuiiber  of  Tazlables  inrolved,  the  uncjrrtaln  nature  of  inputs,  saong 
other  things,  tnyne  these  problens,  vhleh  auto  referred  to  generally  as  a  systin, 
difficult  to  analyse.  A  brief  renrieir  of  a  fev  such  projects  vill  serre  to 
illustrate  the  nature  of  the  ■odel  and  analysis. 

1.  iiAi4ttCHaii  opitbffliog 

Easfan  Kodak  has  siituiated  their  roll-fila  spooling  operation  using  Monte 
Carlo  nethods  on  their  70S  coaputer.  conditions  change  continuously  In  regard 
to  this  operation^  both  In  the  mix  of  else  and  nm  of  IndiTidual  produces  as 
sell  as  In  the  ■alntonaace  reqnireaents  and  squlpaant  design.  BianlatlOB  has 
been  quite  useful  as  the  standard  assas  for: 

(1)  Iqnipisat  mdeslgn 

(2)  Orguilsatloa  of  the  eperatiag  ersv  proeodures 

(3)  Malsteasaee  sad  operating  ersv  else  detexvinatlea 
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!Ebe  Bibdel  has  peroltted  eoittrol  aetbods  to  be  devid^ped  so  that  better 
declsiohS  eaii  be  oade  in  the  light  of  eontinuousljr  changing  conditions.. 
is  blit  one  of  several  sisuilations  aade  by  the  Industrial  Bngineering  Divisiohi 

2*  PftDDUCnOH  COimPL  JjPSiL 

The  General  aectrio.  Co^pazor  is  ttsing  slsnilation  to  test  nev  concepts  and 
oethods  in  produeti^  schedtiling.*  prodnetion  control  Slanager  knova  that 

the  nethods,  priority  rules  and  procedures  that  he  nsee  in  discharging  his 
scheduling  Job  have  an  important  effect  os.  his  ccoqpazy's  utilization  of  nen  and 
aachines  aM  also  upon  how  saoothly  the  p-roduction  flows  and  serves  the  custosier. 

In  this  ■odel^  faetozy  operations  are  slnizlated  to  test  these  decision 
rules  idiieh,  in  effect,  are  the  scheduling  systeffi.  fclicies  euod  procedures 
comeemlng  aachine  loading,  scheduling,  and  dispatching  are  being  systeBatically 
tested  in  the  laboratozy  and  eveinated  in  term  of  Internal  inventory  cost,  idle 
aan  and  machine  time  and  fle3d.bility  ani  cost  of  the  scheduling  itself.  In  this 
way  the  trial  and  error  method  of  actuaHy'  tzying,  o>it  a  new  approach  will  be 

5 

avoided,  Rowe  and  Jackson  have  disr^ikssed  this  problen  of  research. 


^Rowe,  A.  J.,  "Coaputer  Sloulation  AppLled  to  Jpc  Shop  Scheduling”,  Report  of 
Systai  S^™^«^tion  ayaposixm,  Co<-Spon»7Fied  by  AIIE,  ORSA,  iSiS,  Feb.  I0B. 

Rowe,  A*  J*  fund  J.  R.  Jackson,  "Research  Pxoblans  in  Production  Routing  and 
Sebeduling”,  Che  Journal  of  ladcstrlal  SBgiaeering,  May^une  1^6, 


3-  Jitsmmfcjm  juB)  iimwaapoRr  comROi,  iPiiL 

iGDip6xlal  Oil  h«a  studied  an  extensive  distribution  systen  coiifipoSed  of  1007 
hundreds  of  field  wStfShouses  In  eonneetion  with  an  extensive  ej^snsion  probleis. 
The  flov  of  Stock  tmder  vsrlO\u  possible  eoid)inatlons  of  facility  plans  was 
Studied  by  siaulatlon  and  costed^  Results  of  this  work  were  instrunental  m 
detezMnlng  the  feasibility  of  a  e^tral  warehousing  nethod  of  operations* 

Isventory  and  distribution  probleu  are  particularly  casplex  and  inter¬ 
related  and  are  aaong  the  aost  isig^rtant  probleiis  In  aanagfwent  today.  It  Is 
understandable,  therefore,  'Uiat  we  find, considerable  activity  In  the  siaulation 
of  various  distribution  and  inventory  problesis.  Several  papers  in  addition  to 
the  above,  were  presented  at  a  recent  qniposluis  on  systea  smulatlon  which  dealt 
with  this  subjectf 

k.  PROgCT  PLAlWaP  SniULATKai 

A  television  tube  isanufaeturing  eonpany  has  explored  ways  of  obtaining 

6 

better  profit  fron  Its  Over^^ll  operations  through  siaulation.  ibe  flow  of 
product  was  studied  throughout  the  entire  systea.  A  flow  chart  of  material 
froai  the  point  of  purchase  thro\igh  operations  In  aanufacturing  to  transportation 
In  '^a  distribution  systea  was  made.  This  chart  served  as  the  basis  for 
progrsamlng  a  camputer*  Such  factors  as  changes  In  voluie  imposed  by  the 
changes  In  custoswr  dimiand,  chaages  in  ^^roduct  mix  frca  a  scheduling  point  of 


Report  of  Systemi  Siaulation  Sjnaposlmm, 
Feb.  1958. 


Co-Sponsored  by  AIIB,  ORSA,  and  TIMS, 


rlev,  ehm^is  iJi  '^e  me'^od  aM  of  diitributlon  aM  8torage>  cbaiiges 

liQ  the  nuBbet  laid  location  of  iianufacturing  plants  and  dlffej^t  expected  losses 
of  pfoduet  in  the  ■anufaeturlng  pxoeess  eOtild  he  ■ade  in  the  pTOgrea  put  into 
the  conputer. 

By  stud^ng  these  changes,  it  was  possihie  to  find  out  tdilch  factors  vere 
of  the  paatest  sensitivity  in  producing  profit,  and  it  was  possible  to  ej^riaent 
with  possible  changes  in  any  of  the  factors  indieatedo  Finally,  '^e  ecepany 
feels  that  it  has  a  readlstlc  laechaniaa  for  planning  and  controlling  its  business 

i^teii. 

The  following  is  a  listing  of  severaLl  Slsmlation  projects  of  the  same 
general  nature  as  those  reported  above  and  the  bibliography  on  siatulation  at 

the  end  of  Ibe  paper  lists  additiojial  articles  of  interest. 


SIMULATION  W  SfSlTMS  CESFiN  ANB  EVALUATION 


RTTJ! 


QROANIZATIDN 

SYSTEM  SQfUlJ^ 

CGMpmiER 

Atlantic  Refining 

Inyentory  i  Transportation 
of  Casing 

Medium 

Eauitoan  Kodak 

RoU'^FlIa  Spooling  Operation 

Large 

In-Process  Inventory 

Elevator  Systems,  Plant 

Large 

Layout  St\uly 

Large 

. 

Production  Scheduling 

Large 

Supply  Intern 

Large 

General  Electric 

Job  Shop  Scheduling 

Large 

Profit  Planning  Stnulation 

Medium 

Hunble  Oil 

Oil  Tanker  Scheduling 

SI2E 


OiUIIZilTlOI 

SfSTBi  SHKELATID 

CGIffUCBB 

&penal  Oil 

plstrlbtttlon  SyStPi 

Nediun 

Operations  Beseatch 
Office  >  Ibe  Johns 
BbphLns  university 

Cl(  *  Requlrenent  Porecasting 

Large 

Port  of  lev  torh 
Authority 

Design  of  Bus  Terplaal 

liBdiip 

SAID 

Air  Force  Logistics  Systep 

Large 

ThoepsOn  Products 

Inventoxy  Control 

Large 

tinited  Air  Lines 

Custciaer  Servicing 

lieditaa 

Qaited  Steel  Coi.  Ltd. 

Steeivorks  Plov  Problans 

Spaeiai 

n>  ns  UBB  GP  SBOILASIDI  II  STflllBIS 

mn^aang^  ^  — 


I^Jeeti  In  this  aim  differ  fratt  the  shove  largely  In  the  fact  that  they 
are  oriented  nore  tovards  the  future  tliw  frape  and  ilay  consider  the  effect  of 
equliaent  not  yet  deslgaed.  One  of  the  distinct  probleas  in  avalnatlng  l^e 
effect  of  iBtxpducing  a  technological  change  Into  an  operating  ayatep  la  the 
subtle  effect  it  pay  produce  on  operating  costs.  i«veriag  costs  In  one  area 
often  raises  costs  in  other  areas.  The  Ippense  and  tlpe  consindjig  Job  of 
assessing  tibese  costs  has  often  precluded  the  systapatle  study  of  alternatives. 
Copputer  Slpnlatlon  can  often  be  used  as  a  peans  of  detenalnlng  Total  lyntppi 
Costs  for  the  change  under  study.  Total  systoi  costs  provides  the  post  realistic 
basis  for  copparing  sltenatlve  plans.  Teo  excellent  expiples  of  such  an 
ppplleation  are: 


1*  HucigAB  sgg  miJiiAsrioH 


IMs  861^^  ty  Matson  Kavlgation;  coopared  ships  of  diffsfs&t 

slzeSj  speeds  and  poven  plants  in  addition  to  the  proposed  nuclear  vessel 
vhose  design  parasieters  were  also  to  he  determined.  ^  prohleai  Vas  to 
determine  ^ere  such  a  vessel  might  fit  in  the  fleet  of  vessels  serving  a 
Imown  cargo  transportation  pattern.  A  series  of  es^ected  voyages  represent^ 
ing  more  than  a  year  of  Gperations  for  the  fleet  vas  sisiuiated.  The  coat 
and  performance  chsraeteristlea  of  each  ship  vers  entered  into  the  eanputer 
and  the  fleet  waa  (grated  according  to  predetermined  assignaent  rules  ^ 

Oie  coogiuter  was  progrsanid  to  keep  trcnk  of  coeta^  revenue,  etc.,  and 
permitted  evaluation  to  he  made  of  different  operational  plana,  different 
nuclear  vessel  design  parameters  mod  different  mixes  of  types  of  shipa. 

AiBPOier  STmoB  mm? 


Ib4-ted  Air  Lines  has  set  iqi  and  operated  a  simulation  of  the  operations  at 
a  large  airport  on  an  IBM  704  computer.  Several  montha  of  actual  operations  at 
an  air  terminal  can  be  simuLated  in  s  matter  of  minutea.  If  one  vlaualizea  the 
"flow"  of  a  plane  througn  an  airport  and  all  the  factors  that  detendne  the  total 
time  spent,  such  aa  tending,  maintenance,  loading,  etc.,  an  idea  of  the 


^Grahsm,  F.  B.,  "Oeteisdning  the  Conpaqrative  Eeoaomiea  of  Hhclear  I^cpmlsitmi'', 
Bec^t  Reseych  in  Marit^  TtnaaportatioBj  PuhUeation  National 

rti  ailamji*  If*  1  Iniii  rn  hann'inl  Tlfl^i1\'nir^^  fn  WasMngton,  19^. 

8 

"Alberts,  V.  E.,  "Slystniis  Simnlatioei'',  PrOcee»^<"gs  of  the  Seventh  AdbubI  National 
Coitferenee,  May  17»l8,  1956. 
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eoid^ttlty  of  the  Blihiiation  is  afforded,  fhare  are  reportedly  soiie  9>000 
Inatruetioai  in  the  eoiq^ter  progreii  ehieh  took  ioM  nine  ii»nthe  to  develop 
after  the  logic  tme  vorlnd  out  in  flow  font. 

Aii  nodel  involired  aueh  etructuri^.  and  enviroittental  elaBenti  ae: 

tune  of  day>  veek,  and  year 
Weather  eonditiOna 
Nalstenanee  plan 
Availability  of  ipare  airen^ 

Manpower  seheduie 

l^bebiliitie  faetore  aueh  aa  the  need  for  aaintenBnee>  the  type  and 
Ittigth  of  reaulting  rqpairai  abaentealaii  of  peraonnel  and  aeheduling  delaya 
fom  the  Variable  background  for  testing  changes  in  eonpany  policiea  and 
practices.  For  etaaple,  nanagiii^t  can  change  the  nxaiber  of  apart  aircraft/ 
or  the  ittapower  aehedule«  and  aiaulate  operations  under  these  new  conditions. 
The  coiqpater  is  prograiped  to  provide  such  output  ■easiures  of  perfonsance  as 
eiqpeeted  idle  Banpower,  expected  idle  eTJii«ent>  utilisation  of  ■alntenance  and 
berthing  facilities.  Qy  coapaxlng  the  expected  perfomance  in  tenui  of  these 
outputs  with  the  cost  Of  obtaining  that  perfoxnance,  declsi^u  can  be  reached 
that  produce  the  best  over-all  perfonaance  of  the  eoaiplex  airport  systen. 

Siaulatlon  projects  of  a  slnllar  natioe  are  listed  below. 
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emumim  m  smms  mmsm  m  pumm 

GOaAilZAflQi 

IttQBtaf  ABBA  ' 

COMPOEiS 

Air  Materiel  Ccaauuid 

Aircraft  Engine  Mansgeannt 

Model 

Hone 

Cal-texas  Oil  Coipeny 

Group  operations  Decision 
licdel 

Bone 

Operations  SssssTCh  Offlcs^ 
The  Johns  Sopklas  tlalirenlty 

Mmy  Battalion  tactical 
Maintenance 

large 

trii.  wuium  jg  MivESgirns  AMD^  i>gHK;iES 


Any  eoapr^enalTe  dlaeusslon  of  research  jji  this  tuhM  would  be  prohlbitlTe 

In  lengths  dufftce  It  to  say  that  the  Slanilation  approach  is  proving  qid:te 

useful  to  the  basic  researcher  in  nore  adequately  describing  problSiis  Of  a 

dynsnle  nature,  the  slauLatlon  approach  has  proved  a  useful  tool  In  eonfervlng 

our  scarce  iiathoBatlcal  talents.  Often  laying  out  the  problen  in  this  Banner 

gives  Sxifflelcnt  structure  to  the  problaa  to  challenge  the  talents  of  ereatlTe 

Bathesiatlelans  who  otherwise  night  not  be  sufficiently  eonnrlneed  tiiat  there 

% 

was  a  problen  requiring  their  talents. 

the  following  listing  is  offered  as  being  Indicative  of  the  types  of 
simulation  projects  tmderwey. 


Ciaadlaa  ^f^^nie 

Operations  in  Ifinlng  Cycle 

Rasesrch  Beard 

P^rge  VluihlBetAM 

WolTersity 

Tholcer  Design 

NSK 

M  T  ^  . 

Port  derations 

Iweatory  Control  liodel 
▼Ocular  Traffic 

Stanford 

W^Mon  ta  (jMilty  eoatMl 

Tufts 

U.C.L.A. 

PrOdiBction  Scheduling 
c^go 

OontalaerlsaJ^itt 

Harelunise  Layout 

H  nwE  Of 


the  iK)et  dMaatle  * 

to  ^  o,  ^  ^  ^  ‘7*“°”  *"  “* 

«  or  it  ^  ^  ^ 

«  >»»i«  «,  .«u„  ^  ,  ““  *•*"  •“"“  ‘t 

-  -i  ^  oi  tit;  rjT.T”'*’ 

- «.  i^it-  i. ..  oo^iioHirrirr*"'" 

„V...  *  ■»•(»»«  nmijnli  m  4«,i,ion. 

“«•*««•«.  «U  ,4rt«,  t, 

Will  Tirevj.u.i  ««.  4  W^J®ct»  at  the  outset.  Thja 

mi  prerent  eertala  dlslUueio^t  and  »k. 

^  •wealngfui  research 


fdllovliig  thli  perhapi  a  listing  of  aoiie  of  the  Bofe  cGaaBoh  pfohiaas 

to  be  encountered  in  the  use  of  sUKiiation  tiili  be  useful  to  the  potential  user^ 

(1)  Broad  probleiis  generally  require  the  use  of  a  ceagniter.  ^is  can 
be  costly  both  froai  a  prograaaing  is  well  as  an  ^writing  point 
of  vlev.  For  exiaiple>  one  of  the  large-scale  shaulations  refexmd 
to  took  orer  tvo  years  to  becoiie  operational. 

h 

(2)  Developatent  of  considerable  nev  data  is  generally  necessary.  Ihe 
i^ut  distributions  required  in  slaiulations  eannot  gener^ly  be 
derived  froai  existing  data  sources  and  surveys.  Quite  often  ea^ri- 
aents  aust  be  designed  to  obtain  the  necessary  data.  While  costly > 
this  data  collection  generally  develops  other  infoiaatlon  and 
insights  of  fpreat  Value. 

(3)  ^dry  large  probleaut  are  often  unwieldy  and  hard  to  pro|^aja.  fiie 
interrelationship  of  factors  la  the  nodel  adds  considerably  to  the 
ooaplexlty. 

(U)  In  large  probleaui,  the  task  of  exploring  all  the  possibilities  of 
panawter  changes  creates  a  volme  of  calculations  that  may  avaap 
the  analyst.  Consideration  should  be  given  to  analysis  before 
designing  the  slsnilatlon. 

($)  Comparison  of  sinulation  runs,  as  well  as  their  lengtt^pose  statistical 
prpblenis  requiring  the  presosee  of  an  experienced  natheiHitical 
statlstieisu. 


(6)  Ihi  effect  of  the  ecetus«^  of  iopat  data  should  be  e^pored,  Analjrsis 
of  oatjiuts  of  a  siBBjlatioii  baaed  on  ing^t  data  of  unlmowB  or  ^^atiraiaibie 
mputs  ii  difficult. 

(7)  And  finally^  in  their  enthuBlaam  for  this  nethod  many  analysts  have 
diseOTared  that  shipler  natbods  of  ana^sls  nay  eadst.  It  Is  veH 
to  aeareh  for  aneh  iMthdda  early  In  the  taak  of  probleii  aolvlng. 

lJU  TBE  FOTURE  OUn^K 

It  seeiM  clear  that  madusra  aanaganent  la  driylng  continuously  toward  a 
better  underatandlng  of  the  "proceaa*  for  idiich  it  la  responalble*  In  this 
search  for  wore  precise  definition  cMeemlng  idiat  Is  eontrollable  and  what  is 
uncontrollable,  it  la  ^te  evident  that  sianlatlon  aodellnd  will  be  a  neceasaxy 
reaeareh  approach*  la  the  ansiwera  unfold  we  shall  gradually  see  develop  a  new 
■anagapaiTf'  control  concept  baeed  on  precepts  discovered  in  the  operation  of  the 
research  ■odela. 

In  the  future  It  does  not  aeea  at  all  unlikely  that  ■anagenant  will  have  a 
ccapnter  aDdel  of  its  bualneaa,  rich  enough  in  detail  and  eoinprebenaive 
in  ecope  to  penalt  es^rlnantatlon  with  augsested  policy  chcege.  Further#  tiie 
model  may  well  be  able  to  adnlnlBter  policy  mpre  ade^iately  and  conaiatently 
than  the  htnaan  admlaiatrator.  The  decision  maker  will  than  be  freed  for  the 
■ore  important  task,  that  of  the  lia^tatioBS  of  the  nodal  and 

in  searching  Inaiglnatlvely  for  beneficial  Innovation. 


I 
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BIBLIOGRAPHY  ON  SIMULATION 


Included  in  this  partial  biblidgraphy  are  publications  in  the 
general  area  of  System  Simulation,  Operational  Gaming, 
Games,  War  Games,  some  selected  referenGes  in  Game 
Theory  and  Related  Research,  This  is  not  intended  to  re¬ 
present  a  complete  listing  of  publications.  The  biblio¬ 
graphy  is  organized  as  follows: 

Simulation 

.  Industrial 

.  Military 

Games 

.  Industrial 

.  Military 

Game  Theory 

Related  Research 
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